measured using the Rentrop score (grades from 0 to 3). The choice of these scores was dictated by their common recognition and well-documented clinical usefulness. [8] [9] [10] Blood samples were taken immediately before angioplasty, and then at 6 and 24 hours after PCI, at hospital discharge (day 5 of hospitalization for uncomplicated inferior wall infarction and day 7 for anterior wall infarction), and, finally, 30 days after STEMI. Blood for troponin I (TnI) measurement was drawn directly before pPCI and 6 hours after the procedure, including only the latter time point in a statistical analysis. Blood samples taken before pPCI, at 24 hours, and later were centrifuged (3000 rpm/15 min) and the obtained plasma was frozen to -70 o C. Plasma levels of VEGF and angiogenin were measured using BD FACS Array Bioanalyzer System (Becton Dickinson, San Jose, California, United States). For complete blood count as well as the evaluation of the number and proportion of CD34 + cells, EDTA tubes were used. The analysis was conducted using a Coulter Cytomix FC-500 cytometer. Peripheral blood samples with EDTA were labelled with monoclonal anti-CD34 + antibodies according to the manufacturer's instructions with simultaneous erythrocyte lysis using the UtiLyse reagent (DAKO, Glostrup, Denmark). Appropriate isotypic G immunoglobulins were used as a negative control. The analysis was performed each time on approximately 30 000 leukocytes. The number of cells with positive antigen expression in the lymphocyte gate was measured, and their proportion in relation to all peripheral blood leukocytes was determined. The tests were performed 3 times at time points consistent with the measurement of angiogenic factors.
Echocardiographic examination with a SONOS 7500 machine was carried out at discharge (between days 5 and 7), at 30 days, and 6 months following STEMI and was performed by the same 2 echocardiographers throughout the entire study. LVEF was assessed with the Teichholz method, and the WMSI was calculated. In order to evaluate segmental motion disorders, standard division of the left ventricular (LV) muscle into 17 segments was applied. Wall motion was classified as normokinesis, hypokinesis, akinesis, and dyskinesis, and scores from 1 to 4, respectively, were assigned for each segment.
During 6 months of follow-up, all patients received aspirin, clopidogrel, angiotensin-converting enzyme inhibitor (ramipril or perindopril), β-blocker (bisoprolol or metoprolol succinate), and statin (simvastatin or atorvastatin). The statistical analysis was performed using the STATISTICA version 7.1. software (StatSoft®, Kraków, Poland). Normally distributed variables were reported as mean values with standard deviation, and nonnormally distributed variables as medians and interquartile range. Statistical significance of related variables was verified with the Friedman and Wilcoxon tests, while for unrelated variables, the Kruskal-Wallis and Mann-Whitney factors engaged in this process, such as progenitor cells, proangiogenic factors, cytokines, kinins, chemokines, and bioactive phospholipids. 1,2 The extension of postinfarction heart regeneration is related to age, sex, risk factors, physical activity, and severity of coronary artery disease. 1, 4 Numerous studies confirmed an increased number of progenitor cells in peripheral blood in patients with ST-segment elevation MI (STEMI). The mechanism by which progenitor cells act and contribute to heart regeneration is unclear. Currently, it is believed that paracrine mechanisms accompanying stem cell mobilization play a significant role in postinfarction regeneration of the heart.
2,3,5 Paracrine effects include inhibition of apoptosis, protection against ischemic damage of cardiomyocytes, and induction of angiogenesis. The extent of myocardial necrosis after acute ischemia is influenced by many factors. The most important include the duration of ischemia, patency of the infarct-related artery (IRA), normal myocardial perfusion following effective coronary angioplasty, and the presence or absence of collateral circulation. These factors also affect prognosis in patients after MI. 6,7
The aim of this study was to examine relationships between some angiographic parameters and the level of angiogenic factors involved in postinfarction regeneration of the myocardium and neoangiogenesis, such as vascular endothelial growth factor (VEGF), angiogenin, and CD34 + progenitor cells in patients with the first MI treated with primary coronary angioplasty. Moreover, relationships between the above angiographic parameters and angiogenic factors on the one hand and left ventricular ejection fraction (LVEF) and the wall motion score index (WMSI) evaluated by echocardiography on the other, were also assessed. Similar investigations were performed in the past but the results were not referred to thrombolysis in myocardial infarction (TIMI) flow before the intervention. Moreover, angiogenin was not evaluated in this context.
PAtIents And methods
The study group comprised 62 patients with the first STEMI. Patients with acute cardiac failure secondary to MI, with mechanical complications, hepatic or renal insufficiency or those presenting symptoms of current infection were excluded from the study. The study was approved by the Ethics Committee for Scientific Research (BW 40/2006). All patients gave their written consent to participate in the study.
All patients were treated with primary percutaneous coronary intervention (pPCI) combined with bare metal stent (BMS) implantation. Coronary angiography was evaluated post hoc by 2 independent interventional cardiologists. The following parameters were evaluated: 1) flow in the IRA before and after PCI with the TIMI scoring system (grades from 0 to 3); 2) myocardial perfusion following effective pPCI defined as the myocardial blush grade (MBG) (grades from 0 to 3); and 3) the extent of collateral development 0 score). Rentrop scores 1 and 2 were identified in 11 patients each. There were no patients with Rentrop score 3. tImI flow and tested parameters Patients with an occluded IRA during coronary angiography (TIMI 0-1 flow), had the highest TnI levels, showing significant differences when compared with patients with TIMI 3 flow. The measurement performed before PCI showed significantly higher CD34 + cell counts in the TIMI-0-1 group as compared with TIMI-3 patients (161.7 ±74.8 vs 29.5 ±25.5/μl; P = 0.02). At subsequent measurement time points, the number of CD34 + cells was lower and unrelated to TIMI flow in the IRA before PCI. VEGF levels before PCI in TIMI-0-1 patients were higher than in the TIMI-2 or TIMI-3 group, with the differences consistently present at each measurement time point, although not significant. Angiogenin levels showed no significant differences regarding the TIMI flow grade in the IRA before PCI ( + cells was the highest in the MBG-0-1 group at each time point, but the difference between MBG-2 and MBG-3 patients was not significant (tAble 3) . In MBG-0-1 patients, VEGF levels measured before PCI, at discharge, and 30 days following STEMI were higher than in the MBG-2 and MBG-3 groups, but the differences were not significant. VEGF levels measured 2 days after STEMI were the highest in the MBG-3 group, and the differences compared with MBG-0 patients showed only borderline significance (1681.1 ±3349.5 vs 472.3 ±435.4; P = 0.053). Angiogenin levels showed no relation with MBG. TnI levels measured 6 hours following PCI, although the highest in MBG-0-1 patients (44.4 ±11.4 ng/ml), revealed no significant difference in comparison with patients with MBG 2 (30.1 ±19.6 ng/ml) and MBG 3 (33.3 ±18.6 ng/ml). The extent of collateral circulation development evaluated by the Rentrop score showed no relationship with any of the studied factors (tAble 4).
Angiographic parameters and left ventricular sys-
tolic function TIMI flow in the IRA before PCI correlated with both LVEF measured at 1 and 6 months after MI as well as WMSI measured at all time points: LVEF was significantly higher and WMSI was significantly lower with TIMI 3 flows than with TIMI 0-1 flow (tAble 5). Neither MBG nor the extent of collateral circulation showed correlations with the parameters of LV systolic function at any of the time points.
correlations None of the angiogenic factors showed correlations with TnI levels, LVEF, and WMSI. A negative correlation between the number of CD34 + cells measured at discharge and WMSI assessed 6 months after STEMI was found (r 2 = -0.31; P <0.05).
tests were used. A P value of 0.05 or lower was considered significant. The calculated Spearman's correlation coefficient values were also considered significant at a P value of 0.05 or lower.
results The characteristics of the study group are presented in tAble 1. Of the 62 patients with STEMI, 30 patients (48.3%) had anterior wall MI, and 32 patients (51.7%) had inferior wall MI. The mean pain-to-balloon time was 278 ±191 minutes. Patients with anterior wall MI had significantly higher peak TnI levels (measured 6 hours after PCI) compared with patients with inferior wall MI (43.3 ±13.7 vs 29.4 ±19.3 ng/ml; P <0.001). No significant differences were observed in the number of CD34 + progenitor cells and the range of angiogenic factor levels with regard to diabetes, arterial hypertension, and smoking status.
TIMI 0 and TIMI 1 flow in the IRA before PCI was found in 36 and 4 patients, respectively. These patients constituted group 1 (64.6% of the study group). Twelve patients (19.3%) had patent IRA with TIMI 3 flow, while in the remaining 10 patients (16.1%), TIMI 2 flow was identified. Following coronary intervention, TIMI 3 flow was found in 60 patients (96.7%), and MBG 3 (normal) and MBG 2 (slightly impaired) were observed in 27 patients each (43.5%). To simplify statistical calculations, the only patient with MBG 0 was reported in the MBG-1 group (8 patients). In 66% of the patients (40 patients), a total absence of collateral circulation was observed (Rentrop [20] [21] [22] [23] One of the released factors is hypoxia-induced factor 1, which stimulates the secretion of growth factors such as VEGF and fibroblast growth factor.
11,24 VEGF contributes to neoangiogenesis and reendothelialization of the damaged vessels. Fibroblast growth factor, although its levels rise in acute MI, did not show the expected effect stimulating the development of collaterals in previous studies and did not prove to be a prognostic factor.
11, 24 In one of few studies evaluating angiogenin activity in dIscussIon Acute myocardial ischemia, as a consequence of IRA occlusion, leads to cardiomyocyte necrosis, induces apoptosis, and activates natural repair mechanisms. Irrespective of the size of the necrotic area, maladaptive heart remodeling is initiated.
11,12 Early and effective restoration of blood flow in the IRA and normalization of myocardial perfusion are well known factors limiting the extension of necrosis and thus improving LV function and prognosis after MI. [13] [14] [15] [16] [17] [18] [19] Well-developed collateral circulation should also be expected to protect against ischemic heart injury, but the results of studies are tAble 2 Levels of troponin I (measured 6 hours after percutaneous coronary intervention), vascular endothelial growth factor, angiogenin, and CD34 + cell count in relation to TIMI flow in infarct-related artery before the treatment with primary coronary angioplasty in patients with ST- The numbers in brackets refer to the time of measurements: 1, before PCI; 2, 24 hours after PCI; 3, on the day of discharge; 4, 30 days after myocardial infarction
Abbreviations: see tAbles 1 and 2 necrosis and inhibit the stimulus that induces secretion of growth factors. In a study comparing MI patients with TIMI 3 flow in the IRA before PCI with TIMI-0-2 patients, it was found that those with TIMI 3 flow had a more favorable prognosis owing to better LV function.
13
In our study, TnI levels, the number of CD34 + precursor cells on admission to the hospital, and VEGF levels at each measurement time point were higher in patients with TIMI 0-1 flow in the IRA before PCI as compared with TIMI-3 patients (findings most likely to be attributed to more extensive necrosis and regeneration activity in the former group). Despite this, patients with TIMI 0-1 flow in the IRA before PCI presented with significantly lower LVEF and a significantly higher WMSI at 1 and 6 months after MI, compared with TIMI-3 flow patients. This suggests that patients with MI, in whom rapid spontaneous recanalization or incomplete occlusion of the IRA occurs, have a better LV systolic function owing to limited myocardial necrosis rather than enhanced myocardial regeneration. Our results are somewhat the setting of acute MI, increased levels of angiogenin were associated with worse prognosis in a 6-month follow-up.
25,26 The cells that participate in heart regeneration also include progenitor cells mobilized from bone marrow and from organ niche by numerous chemoatractants, for example, cytokines, growth factors, kinins, and bioactive phospholipids. 2,5 Among many others, their surface markers include the CD34 antigen.
In our study, we examined the effect of TIMI flow in the IRA before PCI, MBG following PCI, and the extent of collateral circulation development on the number of CD34 + cells and serum concentrations of factors that affect their mobilization and contribute to protecting the heart against infarction-triggered tissue destruction. In some cases of MI, a patent IRA with TIMI 3 flow can be observed on angiography before PCI. The incidence of this finding in our study was 19.3% and was similar to that reported by other authors.
13 Preserved blood flow in the IRA (due to its spontaneous recanalization or its incomplete occlusion) should limit the process of myocardial tAble 4 Levels of troponin I (measured 6 hours after percutaneous coronary intervention), vascular endothelial growth factor, angiogenin, and CD34 + cell count in relation to the Rentrop score in patients with ST-elevation myocardial infarction between collateral development assessed by the Rentrop score and infarct size assessed as LVEF and as a maximal activity of creatine kinase. They observed a significant negative correlation between TIMI flow in the IRA and the extent of collateral circulation. 34 Also, in our study, no correlations between the extent of collateral circulation and LVEF and WMSI at any of the measurement time points were present. This could possibly be due to the fact that the study group was small and collateral circulation did not develop in two-thirds of the patients. Collateral development depends on duration of ischemic heart disease, among other things. The poor development of collaterals seen in our patients could result from short-lasting coronary artery disease. Our patients were hospitalized with the first MI, most of them had no prior history of angina and nearly half of them (48.5%) had 1-vessel disease. We also did not find any relationship between the Rentrop score on the one hand and the number of CD34+cells and the levels of VEGF and angiogenin on the other. There are few studies exploring connections between the Rentrop score and growth factors in patients with STEMI. One of them reports that patients with acute MI who presented with a higher Rentrop score (2 or 3) rarely were diabetic or had a history of stable angina. 35 They also had lower LVEF after MI and showed a trend toward longer pain-to-balloon time. In this study, the Rentrop score of 2 or 3 was associated with a lower increase in angiopoetin-2 levels, but VEGF levels showed delayed reaction for acute ischemia compared with angiopoetin-2. 35 Although the role of stem cell mobilization observed in the setting of STEMI has not been fully explained, numerous studies demonstrated that greater mobilization of these cells was associated with better LV systolic function. 36 This became the basis for clinical studies in which stem cells were administered intracoronary. In some of these studies, an improvement in LVEF was seen in patients receiving treatment, in contrast to placebo groups. 36, 37 In our study, greater mobilization of the CD34+ cells was noted in patients with TIMI 0-1 flow than in those with TIMI 3 flow (although only the measurement before PCI showed statistical significance). On the other hand, the former group presented with a significantly lower LVEF and significantly higher WMSI at 1 and 6 months following MI. Thus, in this group of patients, greater mobilization of the CD34 + cells was not associated with better regeneration of the myocardium. However, we also observed a negative correlation between the number of CD34 + cells evaluated on the day of discharge and WMSI measured 6 months following MI. This observation is in line with the idea that the naturally induced mobilization of stem cells is too low to have a considerable influence on the improvement of LV systolic function. In the FIRSTLINE trial, 38 natural mobilization of stem cells was stimulated by administering granulocyte different to those reported by Grøgaard et al., 27 who found that the number of CD34 + cells increased in MI patients just after PCI, but they did not assess the number of CD34 + before PCI. It is possible that if such an assessment had been done, they could have found a higher number of CD34 + cells before PCI than they did after the procedure. In their study, the levels of some growth factors were also measured, featuring stromal--derived 1α factor (SDF-1α), hepatocyte growth factor (HGF), and insulin-like growth factor 1 (IGF-1). The highest levels of SDF-1α and HGF were found 14 days after MI and 3 hours after PCI, respectively. The level of IGF-1 remained unchanged. The authors suggested that the highest level of SDF-1α indicates the most suitable time and environment for the initiation of heart regeneration. 27 This study also showed a significant negative correlation between TIMI perfusion grade and the number of CD34 + cells measured 5 days after MI.
Microcirculation perfusion is a better indicator of the effectiveness of PCI than TIMI flow in the IRA. [15] [16] [17] [18] [28] [29] [30] In our study, TIMI 3 flow grade in the IRA following PCI was found in 96.7% of the patients, but myocardial perfusion evaluated as MBG 3 grade was observed only in 43.5% of the patients. We expected that patients with lower MBG grades would have more extensive myocardial necrosis and worse LV systolic function parameters. However, we found no significant differences either in TnI levels or in LVEF and WMSI between patients with MBG 0 and those with MBG 3. Also, the higher number of CD34 + cells and higher VEGF levels seen in MBG-0 patients compared with those with MBG 1-3 did not translate into significant differences regarding LVEF and WMSI. These discrepancies may be due to the applied method of evaluation of microcirculatory perfusion, namely, MBG. Visual assessment of myocardial perfusion, such as MBG, is highly subjective and the true incidence of microcirculatory perfusion impairment is likely to be higher than that evaluated by the MBG grade. In a study using a magnetic resonance-based assessment of microcirculatory perfusion, it was found that microvascular obstruction occurs in 94% of the patients after MI treated with PCI, despite the patency of the IRA.
29
The presence of well-developed collaterals at the development of IRA occlusion should serve as a protective mechanism against myocardial necrosis. Several studies have confirmed this hypothesis but the results are inconsistent. [31] [32] [33] There are studies showing that the extent of collateral development has a beneficial effect on prognosis in STEMI only when PCI was performed with a delay of more than 4 hours from pain onset. 34 In our study, no relationship between the extent of collateral circulation development and the concentration of myocardial necrosis markers was found. Rechciński et al. 34 obtained similar results in their study on 330 patients with STEMI treated with PCI. They did not find any correlations (eg, statins) on CD34 + cell count. 42, 43 Second, owing to technical complications, some of the blood samples were drawn or stored improperly, and the obtained material was recognized as unusable and was withdrawn from the analysis. For that reason, at each measurement time point, there were patients in whom some measurements were missed.
conclusions Our results suggest that it is the size of necrosis rather than subsequent myocardial regeneration that affects LV systolic function in patients after acute MI treated with primary PCI. For that reason, the restoration of IRA patency as early as possible remains the most important target in patients with STEMI.
contribution statement ZG conceived the idea for the study and completed and analyzed the data. RD, AS, and IŚ contributed to the design of the study and were involved in data collection. KG and JK analyzed the data. All authors participated in manuscript edition and approved its final version. colony stimulating factor (G-CSF) to patients after acute MI. A 20-fold increase in the number of CD34 + precursor cells in the circulation was observed compared with G-CSF-naive patients. In the G-CSF group, an increase in LVEF was also observed from 48% ±4% at baseline to 56% ±9% 1 year after MI. In patients who did not receive G-CSF, LVEF was considerably lower.
In some studies, a correlation was demonstrated between CD34 + cell mobilization and VEGF levels. 39, 40 In our study, with VEGF levels evaluated on admission to the hospital, that is, at the moment when they reflected the induction of VEGF secretion by ischemia, we did not observe such a correlation. This could be due to the fact that VEGF levels measured on admission in our patients were modified by the administration of heparin bolus (5000 units), given to each patient in the ambulance. Heparin contributes to a rapid decrease in VEGF levels because of its thrombin-inhibiting effect (thrombin stimulates VEGF secretion) and it binds simultaneously to VEGF and to endothelial cells. 39, 41 It is believed that VEGF levels measured 5 to 7 days after MI reflect the activity of the neoangiogenesis process. 39, 40 In our study, VEGF levels measured on days 5-7 and 30 days after MI in patients with TIMI 0-1 flow in the IRA before PCI were higher than those in patients with TIMI 2 and TIMI 3 flow. This could suggest more intensive regeneration processes in the TIMI-0-1 group. Similar results were obtained in the CAPTURE study, 11 in which patients with TIMI 3 flow in an acute coronary syndrome-related artery were reported to have low VEGF levels (lower quartile) significantly more frequently than patients with TIMI flow of 1 and lower. However, the study failed to demonstrate a link between better 6-month prognosis and higher activity of the regeneration processes. 11, 40 Our findings are similar, namely, TIMI flow in the IRA before PCI affected LVEF and WMSI, but LVEF and WMSI showed no relationship with angiogenic factor levels. It is known that the fate of bone marrow progenitor cells mobilized during MI depends on the nature of the myocardial microenvironment. 2 This environment is probably different in cases when the IRA is occluded at the time of PCI, in contrast to when it is patent. We were unable to demonstrate such difference in the levels of VEGF and angiogenin.
learning points Although TIMI 0-1 flow in the IRA before PCI is associated with more intensive mobilization of CD34 + cells and stronger activation of angiogenesis as reflected by higher VEGF levels at each measurement time point, LV systolic function in this group of patients remains worse than in individuals with patent IRA before PCI. study limitations Our study has a number of limitations. First, no data concerning the use of medications in our patients before MI are available. These data would be particularly useful for assessing the effect of some of the medications
